Introduction
Natural resources and human activities such as rapid industrialization, urbanization, and anthropogenic sources are major causes of heavy metal contamination, which are an alarming threat to the environment and human health (Krishnani and Ayyappan, 2006) . The accumulation of heavy metals in the soil is highly toxic due to their low mobility and nondegradable nature; that is, once heavy metals are released into the environment, they do not biodegrade (Tack, 2010) . One of the most important heavy metals is cadmium, which is poisonous in low concentrations. Cadmium causes contamination of soil, negatively affecting the size, composition, activity, and biodiversity of soil microbial communities (Liao et al., 2005) . The major source of cadmium contamination is anthropogenic activities, which are increasing its concentration in soil. These activities include the use of sewage sludge water and effluents as a source of nutrients for crops, pesticides, zinc mining, iron foundries, and fossil fuel combustion (Lombi et al., 2002) . Cadmium also has a severe effect on the quality of crops. It is a very mobile element in the environment, easily taken up by the plants' roots and transported to other organs (Das et al., 1998; Groppa et al., 2012) . Cadmium has a significant potential to affect human and animal health by entering into the food chain through accumulation in agriculturally important crops. In plants, the growth of root and shoots, yield production, uptake of nutrients, and homeostasis are inhibited by cadmium (Toppi and Gabbrielli, 1999) . Cadmium-treated plants showed stunted root and shoot growth (Konotop et al., 2012) . Cadmium causes reduction in plant growth, and slows down transpiration and photosynthesis. It also decreases the chlorophyll content and alters the nutrient status both in leaves and roots (Sandalio et al., 2001) . Stem dry weight, transpiration, and plant height are the most sensitive parameters to cadmium toxicity (Azizian et al., 2013) . Many plant-based technologies are useful for removing toxic heavy metals from areas of low concentration with shallow soil and water, but a longer treatment time period may be required (Wenzel et al., 1999) . Phytoremediation is a technique in which metal-absorbing plants are used to remove, stabilize, and transfer pollutants from sediment, water, and soil. It is an economical and natural technique much like other physical, chemical, and biological processes to clean up pollutants (Chaudhry et al., 1998) . Hyperaccumulator plants have an exceptionally high capacity of metal accumulation, but most of these have a slow rate of production and growth, and they often produce limited amounts of biomass when the concentration of available metal in the contaminated soil is very high (Glick, 2003) . The phytoremediation abilities of nonhyperaccumulators are stimulated by the use of plant growth regulators such as auxin and cytokinins because these improve their growth and biomass (Fuentes et al., 2000) . Plant growth regulators are chemical messengers that respond to environmental signals and regulate normal growth and developmental changes (Chiwocha et al., 2003; Sabir et al., 2013) . They are called phytohormones when produced endogenously by plants. Auxin (indole-3-acetic acid, IAA) is the vital natural plant hormone that controls the elongation of shoots, the initiation of roots, and apical dominance (Vanneste and Friml, 2009; Andrews et al., 2012) . L-TRP acts as a precursor of auxin and is an important amino acid in plants (Frankenberger and Arshad, 1995) . Exogenous applications of L-TRP produce a higher concentration of auxin in plants (Sarwar et al., 1992) . Application of different levels of L-TRP to plant roots before transplantation significantly improved the grain yield and 1000 grain weight in wheat, the fresh weight of tubers and the yield of potatoes, the yield and number of fruits per plant in tomatoes, and the total biomass and grain yield of soybeans (Zahir et al., 2000) . Auxin plays a vital role in the seasonal adaptation of plants to environmental stresses and also to other climate constraints (Popko et al., 2010) . Higher concentrations of cadmium produce oxygen-reactive species, which activate auxin oxidases. Auxin oxidases not only increase the degradation of auxin, but also decrease the activities of many genes involved in plant growth processes. Coordination of plant growth and defense is controlled by auxins (Elobeid and Polle, 2012) . Hence to reduce the toxic effects of heavy metals on plant growth, the exogenous application of plant hormones is recently gaining importance (Hare et al., 1997; Ali et al., 2013) . Presowing treatment of auxin improved the reduction in germination of wheat seed under stress conditions (Balki and Padole, 1982) . The toxic effects of cadmium on maize plants were minimized by simultaneous treatment of maize coleoptile segments with IAA (Karcz and Kurtyka, 2007) . The addition of a suitable amount of auxin under cadmium stress reduced the damage of plants due to cadmium to a certain level (Mingming et al., 2010) . Sanjaya et al. (2008) reported that the exogenous application of tryptophan (TRP) improves the cadmium tolerance ability of Arabidopsis and tomato plants. Keeping in view the positive role of auxin, this study was conducted to find out the best level of L-TRP to improve growth and yield of rice in cadmium-contaminated soil.
Materials and methods
A pot experiment was conducted to evaluate the role of L-TRP to improve plant growth in stress conditions and possibly to improve soil health by increasing the phytoextraction. Earthen pots lined with polythene bags were filled with 10 kg of homogeneously mixed, air-dried soil with sandy clay loam texture having pH s 7.5; EC e 1.41 dS m -1 ; total nitrogen 0.06%; available phosphorus 7.3 mg kg . In this soil, cadmium was not detectable. Prior to filling the pots, this soil was contaminated using cadmium source until 30 mg kg -1 Cd was maintained. The soil was allowed to equilibrate for 2 weeks. Four-week old rice plant sprouts were uprooted and the roots of these plants were washed with distilled tap water very carefully to remove dust particles and other materials. The washed roots of the rice plants were dipped in a L-TRP solution of 10 -3 M, 10 -4 M, and 10 -5 M concentration for 2 h to ensure that the roots had absorbed the L-TRP. These rice seedlings were then transplanted into pots filled with cadmium contaminated soil. One cadmium contaminated treatment was kept without application of L-TRP and one treatment was noncontaminated but treated with L-TRP to segregate the effects of L-TRP and cadmium contamination. The recommended NPK fertilizers were provided. Nitrogen was applied in three splits. All necessary agronomic practices were followed and water was applied to the plants whenever needed. The experiment was conducted following a completely randomized design (CRD) with four repeats. The data regarding growth and yield parameters were collected at harvesting, and the plant samples were analyzed for cadmium content. For cadmium determination, the rice plants were separated into roots, stems, and leaves. The plant samples were washed with deionized water and oven dried at 70 °C for 48 h. The dried material was ashed at 550 °C for 24 h. The ash residue was kept in 65% HNO 3 for 4 h and then more HNO 3 was added until a clear solution was obtained. The amount of cadmium was determined using an atomic absorption spectrophotometer (PerkinElmer AAnalyst 100, USA) as described by Wickliff et al. (1980) . Standard statistical procedures (Steel et al., 1997) were used to analyze the data and the means were compared using Duncan's multiple range tests (Duncan, 1955) .
Results
Cadmium is a nonessential element for plant growth and it is a pollutant of major concern, due to its strong mobility in the biosphere. The results of our study show that cadmium contamination significantly reduces rice plant growth and yield as compared to plants grown in control without cadmium stress and L-TRP. The data (Table 1) show that cadmium stress decreased plant height, number of panicles, number of tillers, 1000 grain weight, and paddy yield per plant as compared to the control (plants grown without stress and L-TRP). Cadmium affected the growth of plants by decreasing plant height (up to 14.85%) and 1000 grain weight (up to 17.94%), as compared to plants grown without stress and L-TRP. Cadmium reduced the number of panicles (up to 19.23%), the number of tillers (up to 21.67%), and paddy yield (up to 15.76%), as compared to plants grown in the absence of L-TRP and stress. However, applying L-TRP to the rice seedlings enhanced the growth and yield of rice under cadmium-contaminated soil. L-TRP @ 10 . L-TRP @ 10 -5 gave the maximum number of tillers (up to 25.53%), 1000 grain weight (up to 19.28%), and panicle numbers (up to 19.04%), as compared to plants grown in cadmium-contaminated soil without L-TRP.
The data (Table 2) show that the application of L-TRP also improves the uptake of cadmium in rice straw. The maximum concentration of cadmium in straw was obtained with an L-TRP level of 10 -5 M, which was up 33.21% compared to the plants grown in cadmium stress without L-TRP. However, L-TRP decreased the concentration of cadmium in grain. In normal soil without stress, L-TRP increased plant growth by improving the number of tillers (up to 31.66%), paddy yield (up to 18.11%), 1000 grain weight (up to 20.19%), number of panicles (up to 32.69%), and plant height (up to 9.73%) in normal soil where no stress was applied, as compared to plants without L-TRP grown in similar soil (Table 1) .
Discussion
The pollution of soil from heavy metals is an alarming environmental issue, with serious effects on humans and animals (Ikenaka et al., 2010) . Cadmium is one of the most important heavy metals, being poisonous at low concentrations (Lombi et al., 2002) . The results of the pot trial showed that plant height, the number of tillers and panicles, paddy yield, and 1000 grain weight of rice plants were significantly decreased by cadmium contamination. Hindrance to plant growth and development by cadmium contamination might be attributed to decreases in stomatal conductance, chlorophyll contents, photosynthetic activity, and transpiration. It might also be because cadmiummediated oxidative stress involves the induction of lipid peroxidation in plants, which causes severe damage to cell membranes. Oxidative stress caused by cadmium starts the degradation of photosynthetic pigments, resulting in the reduction of growth (Padmaja et al., 1990; Kupper et al., 1996; Hagemeyer et al., 2002; Marcnano et al., 2002) . Toxic metals reduce enzyme activity and the synthesis of protein (Mordechai et al., 1988; Bishnoi et al., 1993; Lin and Kao, 2006; Maheshwari and Dubey, 2007) . However, the application of L-TRP (a precursor of auxin) to the plant roots before transplantation improved plant growth and yield under cadmium stress, and increased plant height, the number of tillers, the number of panicles, 1000 grain weight, and paddy yield of rice, as compared to untreated plants grown in cadmium-contaminated pots without plant growth regulators. The improvement of plant height, the number of tillers, the number of panicles, 1000 grain weight, and paddy yield of rice with the application of L-TRP (a precursor of auxin) in cadmium-contaminated soil might be due to plant growth regulators that could have enhanced the resistance of plants against heavy metal stress or decreased the physiological and metabolic adverse effects of the heavy metal (Tassi et al., 2008; Lequeux et al., 2010) . Gharbanli et al. (2000) reported that plant growth regulators decreased the adverse effect of cadmium on plant growth by increasing chlorophyll content, consumption of CO 2 , root growth, shoot growth, net assimilation rate, and leaf area ratio in heavy metal stress. In the present study, L-TRP improved the uptake of cadmium in rice straw as compared to plants grown in the absence of L-TRP. While L-TRP treatment reduced the concentration of cadmium in rice grain, the increase in accumulation of cadmium in rice straw might be due to a high transpiration rate and by the movement of water soluble components of soil and contaminants by maintaining the opening of stomata. Plant growth regulators enhanced the resistance of plants against heavy metal stress. The reduction in heavy metal concentration in grain might be due to an increase in tolerance of grains against stress (Tassi et al., 2008; Alsokari, 2009) . Plant growth regulators also improved the growth of rice in normal soil. L-TRP @ 10 -5 improved the maximum paddy yield and number of panicles as compared to the control. The positive role of L-TRP in normal soil is well established and documented by different authors (Zahir et al., 2010; Mazher et al., 2011) The results of our experiment indicate that L-TRP can be effectively used to improve plant growth in cadmium-contaminated soil. This aspect of enhanced growth resulted in more uptake of cadmium, which supports the possible role of L-TRP in enhanced phytoremediation processes to establish healthy soil. However, other mechanisms involved in the phytoremediation of cadmium-contaminated soil using different growth regulators need to be further explored. . (ND* = not detectable).
